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General Methods

All air- and moisture-sensitive manipulations were carried out with standard
Schlenk techniques under nitrogen or in a glove box under nitrogen. 'H, *C, and "°F
NMR spectra were recorded on a Varian instrument (400 MHz, 100 MHz and 376
MHz, respectively). 'H, C NMR chemical shifts are reported vs tetramethylsilane
signal or residual protio solvent signals.

Arenes were distilled over sodium benzophenone ketyl or CaH, under nitrogen.

Ligands (4," 5," 6,'* 7,'* 8,'° and 10'%) were synthesized following the literature
procedures. All other chemicals and solvents were purchased from commercial

company and used as received.

Experimental Details and Characterization Data

I. General Experimental Procedure for Table 1.

Pd(OAc), (4.5 mg, 0.02 mmol), additive (0.1-0.2 mmol), ligand (0.02 mmol),
allylic acetate (0.20 mmol), 4A molecular sieve (20 mg) and benzene (1 mL) were
added to a solution tube and the resulting solution was heated to 120 °C and reacted
for 15 hours. After cooling to room temperature, the mixture was filtrated through a
pad of silica gel with ethyl acetate and concentrated under vacuum. The yield was

detected by 'H NMR with CH,Br; as the internal standard.

I1. General Experimental Procedure for Table 2.

Pd(OAc); (4.5 mg, 0.02 mmol), Ag,COs (0.0275 mg, 0.10 mmol), ligand 4 (3.9
mg, 0.02 mmol), allylic acetate (0.20 mmol), 4A molecular sieve (20 mg) and
benzene (1 mL) were added to a solution tube and the resulting solution was heated to
120 °C and reacted for 15 hours. After cooling to room temperature, the mixture was

filtrated through a pad of silica gel and washed with ethyl acetate. The filtrate was
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concentrated under vacuum, and the residue was purified by silica gel flash column

chromatography to afford the Z/E-products.

ITI. General Expermential Procedure for Table 3.

Pd(OAc); (4.5 mg, 0.02 mmol), Ag,CO; (0.0275 mg, 0.10 mmol), ligand 4 (3.9
mg, 0.02 mmol), allylic acetate (0.20 mmol), 4A molecular sieve (20 mg) and arene
(1 mL) were added to a solution tube and the resulting solution was heated to 120 °C
and reacted for 15 hours. After cooling to room temperature, the mixture was filtrated
through a pad of silica gel and washed with ethyl acetate. The filtrate was
concentrated under vacuum, and the residue was purified by silica gel flash column

chromatography to afford the Z/E-products.

O 0.

"H NMR spectral data of the isolated products matched the spectral data of known

compounds reported in the literatures.””

;

(E)-3aa
(E)-1,3-diphenylpropene (CAS: 3412-44-0)

(J
O (Z)-3aa

(2)-1,3-diphenylpropene (CAS: 1138-83-6)

7C

"H NMR spectral data of the isolated products matched the spectral data of known

compounds reported in the literatures. *
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Cl (E)-3ca
(E)-1-(3-chlorophenyl)-3-phenylpropene (CAS: 132931-76-1)*

(-
Cl O (Z)-3ca

(Z)-1-(3-chlorophenyl)-3-phenylpropene (CAS: 132931-77-2)

saae
0 3da

"H NMR spectral data of the isolated products matched the spectral data of known

compounds reported in the literatures. °

0 (E)-3da

(E)-1-(3-methoxyphenyl)-3-phenylpropene (CAS: 870620-86-3)°
o
-0 O (Z)-3da

(2)-1-(3-methoxyphenyl)-3-phenylpropene (CAS: 1392095-73-6)°

7C

3ea

"H NMR spectral data of the isolated products matched the spectral data of known

compounds reported in the literatures.’

NO, (E)-3ea
(E)-1-(3-nitrophenyl)-3-phenylpropene(CAS:1372720-65-4)’
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(Z)-1-(3-nitrophenyl)-3-phenylpropene(CAS:1372720-59-6)’

Saae

F 3fa
1-(3-fluorophenyl)-3-phenylpropene
'H NMR (400 MHz, CDCls): & 7.34-7.29 (m, 2H), 7.25-7.20 (m, 3H), 7.11-7.01 (m,
1H), 6.97-6.87 (m, 1H), 6.54 (d, J=11.6 Hz, 0.36H), 6.44-6.33 (m, 1.2H), 5.90 (dt, J
1=11.6 Hz, J, = 7.2 Hz, 0.36H), 3.66-3.62 (m, 1H), 3.66 (d, J = 7.6 Hz, 0.74H), 3.55
(d, J=5.6 Hz, 1.2H).
HRMS (EI) calcd for C;sHsF (M)™: 212.1001, found: 212.1003.
GC-MS: m/z: 212 (M)"; E isomer: 75.01% (area), Z isomer: 24.99% (area).

"H NMR spectral data of the isolated products matched the spectral data of known

compounds reported in the literatures. **

2}

(E)-3ga
(E)-1-(4-methylphenyl)-3-phenylpropene (CAS: 134539-87-0)

Sh
O (Z2)-3ga

(Z)-1-(4-methylphenyl)-3-phenylpropene (CAS: 227187-00-0)"
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"H NMR spectral data of the isolated products matched the spectral data of known

3ha

compounds reported in the literatures.’

O2N (E)-3ha

(E)-1-(4-nitrophenyl)-3-phenylpropene (CAS: 156904-24-4)°

\
O,N ‘ O
(Z)-3ha

(Z)-1-(4-nitrophenyl)-3-phenylpropene (CAS: 183621-36-5)’

L0

"H NMR spectral data of the isolated products matched the spectral data of known

3ia

compounds reported in the literatures.””’

~o (E)-3ia

(E)-1-(4-methoxylphenyl)-3-phenylpropene (CAS: 35856-81-6)’

-
° &
(2)-3ia

(E)-1-(4-methoxylphenyl)-3-phenylpropene (CAS: 183621-24-1)°

CLTo,

'"H NMR (400 MHz, CDCl3): § 7.50 (d, J = 7.6 Hz, 0.65H), 7.42-7.13 (m, 8H), 6.86
(d, J = 15.6 Hz, 0.52H), 6.67 (d, J = 11.6 Hz, 0.36H), 6.32 (dt, J ;= 15.6 Hz, J, = 7.2
Hz, 0.55H), 5.99 (dt, J 1= 11.6 Hz, J, = 7.2 Hz, 0.38H), 3.59 (d, J = 7.2 Hz, 1.15H),
3.54 (d, J = 7.2 Hz, 0.84H).

HRMS (EI) cale. for CisH;5Cl (M)': 228.0706, found: 228.0704.
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GC-MS: m/z: 228 (M)'; E isomer: 53.13% (area), Z isomer: 46.87% (area).
'"H NMR spectral data of the E-product matched the spectral data of the known

compound reported in the literatures.”

Cl (E)-3ja

(E)-1-(2-Chlorophenyl)-3-phenylpropene (CAS: 1191300-42-1)"*

©/“ﬂ¢/\/\/\
3ka

"H NMR spectral data of the isolated products matched the spectral data of known

compounds reported in the literatures.'®""

=
©/\/\/\/\(E)-3ka

(E)-1-phenyl-2-octene (CAS: 42079-83-4) '°
~

(Z2)-3ka
(Z)-1-phenyl-2-octene (CAS: 372193-70-9)' "

Ph

O/\)\/\/\
3ka'

(E)-1,3-Diphenyl-1-octene (CAS: 157670-40-1)'"°

'H NMR (400 MHz, CDCls): § 7.36-7.11 (m, 10H), 6.40 (d, J = 16.0 Hz, 1H), 6.33 (d,
Jy=16.0 Hz, J, = 7.2 Hz, 1H), 3.40 (q, J = 7.2 Hz, 1H), 1.79 (q, J = 7.6 Hz, 2H),
1.42-1.19 (m, 6H), 0.87 (t, J = 6.4 Hz, 3H).

S
3la
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'H NMR (400 MHz, CDCl3): & 7.38-7.17 (m, 10H), 6.48 (d, J = 16.0 Hz, 0.15H),
6.40-6.39 (m, 1.7H), 5.83 (t, J=10.4 Hz, 0.17H), 4.04-3.98 (m, 0.18H), 3.66-3.62 (m,
0.85H), 1.46 (d, J =9.2 Hz, 2.55H), 1.39 (d, J = 9.2 Hz, 0.45H).

'H NMR spectral data of the isolated products matched the spectral data of known

compounds reported in the literatures.'> >

A

(E)-1,3-diphenyl-1-butene (CAS: 7302-01-4)"

(>
O (2)-3la

(2)-1,3-diphenyl-1-butene (CAS: 7302-00-3)"

AN
W 3ma
1,3-diphenyl-1-hexene
'H NMR (400 MHz, CDCls): & 7.37-7.20 (m, 10H), 6.52 (d, J = 11.6 Hz, 0.45H),
6.43-6.31 (m, 2H), 5.86 (t,J =11.2 Hz, 0.46H), 3.85-3.76 (m, 0.48H), 3.46-3.92 (m,
1H), 1.83-1.64 (m, 2H), 1.40-1.29 (m, 2H), 0.934 (t, J = 7.2 Hz, 2H), 0.835 (t, J = 6.8
Hz, 1H).
HRMS (EI) calc. for C1sHa (M)": 236.1565, found: 236.1570.
GC-MS: m/z: 236 (M)"; E-isomer: 65.98% (area), Z-isomer 34.02% (area).

©/\m~

Two isomers were separated by silica gel column chromatography.

F 3ab
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F(E)-3ab
(E)-1-phenyl-3-(2,5-difluorophenyl)propene
'H NMR (400 MHz, CDCls): & 7.37-7.35 (m, 2H), 7.28 (t, J = 8.0 Hz, 2H), 7.22 (t, J
= 7.2 Hz, 1H), 7.01-6.93 (m, 2H), 6.90-6.85 (m, 1H), 6.47 (d, J = 15.6 Hz, 1H), 6.29
(dt, J,= 16.0 Hz, J, = 6.8 Hz, 1H), 3.54 (d, J = 6.8 Hz, 2H); °C NMR (100 MHz,
CDCls): & 158.8 (dd, Jep= 241.3 and 2.3 Hz), 157.0 (dd, Jcr = 241.2 and 3.0 Hz),
137.2, 132.3, 129.0 (dd, Jcp= 19.1 and 7.6 Hz), 128.7, 127.5, 126.7, 126.3, 117.0 (dd,
Jep=23.7 and 5.3 Hz), 116.3 (dd, Jcp= 25.2 and 9.1 Hz), 114.3 (dd, Jcp= 24.4 and
8.4 Hz), 32.3 (d, Jcr= 3.8 Hz); "’F NMR (376 MHz, CDCl;): & -119.4, -124.6.
HRMS calc. for CsH,F» (M)+: 230.0907, found: 230.0911.

F (Z)-3ab
(Z)-1-phenyl-3-(2,5-difluorophenyl)propene
'H NMR (400 MHz, CDCl): § 7.38-7.34 (m, 2H), 7.30-7.25 (m, 3H), 7.00-6.84 (m,
3H), 6.66 (d,J=11.2 Hz, 1H), 5.78 (dt, J;=11.2 Hz, J, = 7.6 Hz, 1H), 3.65 (d, J =
7.2 Hz, 2H); >C NMR (100 MHz, CDCl3): & 158.9 (dd, Jcr=241.9 and 2.6 Hz),
157.0 (dd, Jcp=241.6 and 3.3 Hz), 136.9, 131.5, 129.5 (dd, Jcr= 18.3 and 7.4 Hz),
128.8, 128.5, 128.2 (d, Jcr= 1.2 Hz), 127.2, 116.6 (dd, Jcr= 23.9 and 4.9 Hz), 116.2
(dd, Jcp=25.0 and 8.6 Hz), 114.1 (dd, Jcr=24.3 and 8.6 Hz), 27.7 (dd, Jcr= 2.6 and
1.1 Hz); "’F NMR (376 MHz, CDCl3): § -129.3, -124.2.
HRMS calc. for CisH,F» (M)+: 230.0907, found: 230.0906.
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Cl
S
Two isomers were separated by silica gel column chromatography.

Cl
¢

Cl (E)-3ac

Cl 3ac

(E)-1-phenyl-3-(2,5-dichlorophenyl)propene

'H NMR (400 MHz, CDCls): & 7.38-7.36 (m, 2H), 7.32-7.31 (m, 2H), 7.29 (s, 1H),
7.27-7.20 (m, 2H), 7.16-7.140 (m, 1H), 6.47 (d, J = 16.0 Hz, 1H), 6.30 (dt, J; = 16.0
Hz, J, = 6.8 Hz, 1H), 3.62 (d, J = 6.8 Hz, 2H); *C NMR (100 MHz, CDCl5): § 139.6,
137.0, 132.4, 132.3, 130.5, 10.3, 128.6, 127.7, 127.4, 126.2,126.1, 36.9.

HRMS (EI) calc. for C;5sH;»Cl, (M)': 262. 0316, found: 262. 0318,

Cl (Z)-3ac
(E)-1-phenyl-3-(2,5-dichlorophenyl)propene
'H NMR (400 MHz, CDCl): § 7.38-7.34 (m, 2H), 7.30-7.24 (m, 5H), 7.16-7.13 (m,
1H), 6.68 (d, J=11.2 Hz, 1H), 5.77 (dt, J;=11.6 Hz, ), =7.2 Hz, 1H), 3.72 (d, J =
6.8 Hz, 2H). *C NMR (100 MHz, CDCls): § 136.8, 132.6, 132.3, 131.6, 130.4, 129.7,
128.6, 128.3, 127.8, 127.6, 127.1, 32.2.
HRMS (EI) calc. for C;sH;2Cl, (M) 262. 0316, found: 262. 0313.
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Two isomers were separated by silica gel column chromatography.
Cl

T

CF3(E)-3ad

CF33ad

(E)-1-phenyl-3-(2-chloro-5-trifluoromethylphenyl)propene

'H NMR (400 MHz, CDCls):  7.53 (s, 1H), 7.51-7.49 (m, 1H), 7.45-7.42 (m, 2H),
7.38-7.36 (m, 2H), 7.32-7.29 (t, J = 7.2 Hz, 2H), 7.26-7.23 (m, 2H), 6.50 (d, J=16.0
Hz, 1H), 6.32 (dt, J ;= 15.6 Hz, J, = 6.8 Hz, 1H), 3.71 (d, J = 6.8 Hz, 2H); °*C NMR
(100 MHz, CDCl3): 6 139.1, 138.0, 137.1, 132.7, 130.1, 129.5 (q, Jcr = 36.8 Hz),
128.7, 127.6, 127.4 (q, Jcr= 3.8 Hz), 126.4, 126.0, 124.7 (q, Jcr= 3.8 Hz), 123.9 (q,
Jer=271.6 Hz), 37.0; "’F NMR (376 MHz, CDCL3): & -62.4.

HRMS (EI) calc. for C1sH,F3Cl (M) 296. 0580, found: 296. 0582.

i

e

CF3(7)-3ad

(Z)-1-phenyl-3-(2-chloro-5-trifluoromethylphenyl)propene
'H NMR (300 MHz, CDCls): & 7.51-7.37 (m, 5H), 7.30-7.26 (m, 3H), 6.71 (d, J =
11.4 Hz, 1H), 5.80 (dt, J;= 11.7 Hz, J, = 7.2 Hz, 1H), 3.80 (d, J = 7.5 Hz, 2H); °C
NMR (100 MHz, CDCls): 6 139.6, 138.0 (q, Jcr= 1.5 Hz), 136.9, 132.0, 130.0, 129.5
(9, Jcr=32.9 Hz), 128.8, 128.5, 127.7, 127.3, 126.8 (q, Icr= 3.8 Hz), 124.5 (q, Jcr=

3.7 Hz), 123.9 (q, Jer= 272.3 Hz), 32.5; "°’F NMR (282 MHz, CDCls): § -62.8.
HRMS (EI) calc. for Ci¢H2F5Cl (M)': 296. 0580, found: 296. 0585.
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AN F

T
F 3ae

'H NMR (400 MHz, CDCl3): & 7.38-7.22 (m, 5H), 6.86-6.70 (m, 1H), 6.78 (d, J =
11.2 Hz, 0.56H), 6.47 (d, J = 14.6 Hz, 0.46H), 6.22 (dt, J,= 15.6 Hz, J, = 7.2 Hz,
0.45H), 5.70 (dt, J 1= 11.6 Hz, J, = 7.2 Hz, 0.53H), 3.63 (d, J = 7.2 Hz, 1.11H), 3.53
(d, J=7.2 Hz, 0.90H).
HRMS (EI) calc. for CisHoF4 (M) 266.0719, found: 266.0723.
GC-MS: m/z: 228 (M)"; E-isomer: 44.15% (area), Z-isomer: 55.85% (area)
"H NMR spectral data of the (E)-product matched the spectral data of the known

compound reported in the literatures.'*

F
SRl
F
F (E)-3ae
(E)-1-cinnamyl-2,3.4,5-tetrafluorobenzene (CAS: 1433415-33-8)"

oo
O< 3af
'H NMR (400 MHz, CDCl;): § 7.38-7.20 (m, 5H), 6.60 (d, J = 15.6 Hz, 0.5H),
6.49-6.33 (m, 4H), 5.84 (dt, J = 15.2 Hz, J, = 10 Hz, 0.35H), 3.77 (s, 6H), 3.62 (d, J
=10.8 Hz, 0.83H), 3.48 (d, J = 9.2 Hz, 1.09H).
HRMS (EI) calc. for Ci7H;30, (M)': 254.1307, found: 254.1311.
GC-MS: m/z: 254 (M)"; E-isomer: 56.65% (area), Z-isomer: 43.35% (area).
'"H NMR spectral data of the (E)-isomer matched the spectral data of the known

compound reported in the literatures."
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SRAsH
Ol (E)-3af
(E)-1-cinnamyl-3,5-dimethoxybenzene (CAS: 1442416-32-1)"

©/\w

1-Phenyl-3-(2,5-difluorophenyl) butene

F 3Ib

'H NMR (400 MHz, CDCls): & 7.38-7.20 (m, 5H), 7.03-6.95 (m, 2H), 6.90-6.84 (m,
1H), 6.52 (d, J = 11.6 Hz, 0.55H), 6.45 (d, J = 16.0 Hz, 0.45H), 6.37-6.31 (m, 0.45H),
5.82 (t,J =10.4 Hz, 0.55H), 4.29-4.20 (m, 0.55H), 3.99-3.92 (m, 0.45H), 1.45 (d, J
= 6.8 Hz, 1.5H), 1.36 (d, J= 6.8 Hz, 1.5H).

HRMS (EI) calc. for C1sH4F> (M)': 244.1064, found: 244.1068.

GC-MS: m/z: 244 (M)"; E-isomer: 49.39% (area), Z-isomer: 50.61% (area).

Cl
SN

Cl 3ke
'H NMR (400 MHz, CDCls): & 7.32-7.09 (m, 3H), 5.62-5.46 (m, 2H), 3.45 (d, J = 9.6
Hz, 1.24H), 3.39 (d, J = 6.0 Hz, 0.75H), 2.16-2.00 (m, 2H), 1.42-1.26 (m, 6H),
0.94-0.87 (m, 3H).
HRMS (EI) calc. for C14H;5Cl, (M)': 256.0786, found: 256.0784.
GC-MS: m/z: 256 (M)'; E-isomer: 55.46% (area), Z-isomer: 44.54% (area).
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Oy~
3ah+3ah’

'H NMR (400 MHz, CDCls): & 7.94-7.77 (m, 8H), 7.47-7.20 (m, 21H), 6.65 (d, J =
15.2 Hz, 1H), 6.53-6.37 (m, 2.7H), 5.94 (dt, J, = 15.2 Hz, J, = 10.0 Hz, 1H), 4.10 (d, J
= 8.8 Hz, 0.29H), 3.98 (d, J = 6.0 Hz, 1H), 3.83 (d, J = 10.0 Hz, 2H), 3.70 (d, J = 8.0
Hz, 2.6H).

GC-MS: m/z: 244 (M)"; 3ah E-isomer: 44.25% (area), Z-isomer: 32.41% (area), 3ah’
E-isomer: 14.54% (area), Z-isomer: 8.80% (area).

"H NMR spectral data of the isolated products matched the spectral data of known

compounds reported in the literatures.'®

g
(E)-3ah

(E)-1-phenyl-3-(2-naphenyl)propene (CAS: 5751-33-7)'

o I
(E)-3ah’

(E)-1-phenyl-3-(1-naphenyl)propene (CAS: 5751-29-1)'°

S S

o

3ai
'H NMR (400 MHz, CDCls): & 7.37-7.23 (m, 6H), 6.86 (d, J = 3.6 Hz, 1H), 6.63-6.57
(m, 4H), 6.33 (dt, J; = 20.8 Hz, J, = 8.8 Hz, 0.5H), 3.66-3.62 (m, 1H), 3.74 (d, J =
10.0 Hz, 1.2H), 3.64 (d, J=8.8 Hz, 1H), 3.55 (d, J = 10.4 Hz, 0.14H), 3.45 (d, J=9.2
Hz, 0.16H), 2.44 (s, 7.8H).
GC-MS: m/z: 214 (M)"; 3ai E-isomer: 41.47% (area), Z-isomer: 41.40% (area); 3ai’
E-isomer: 9.17% (area), Z-isomer: 7.96% (area).
"H NMR spectral data of the isolated products matched the spectral data of known

compounds reported in the literatures.'’
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m
|
% E-3ai

(E)-3-(5-methylthiophen-2-yl)-1-phenylpropene (CAS: 807370-02-1)""

KIE reaction

@ OAC 10 mol% (PA(OACK/4)  pp~ X
* Ph)\/ 0.5 equiv Ag,CO;

11.3 mmol 2a (0.20 mmol) ‘1‘/23‘0'\4(8:
D, b OAc i
)\/ 10 mol% (Pd(OAc),/4) Ph™ X b
D D+ pp 0.5 eq'lg\iv Ag,CO3 5 5
4A MS
D D 2a (0.20 mmol) 120 °C D
11.3 mmol kH/D =29

Pd(OAc); (4.5 mg, 0.020 mmol), Cu(OAc);(36.2 mg, 0.20 mmol), ligand 4 (3.9
mg, 0.020 mmol), 2a (35.2 mg, 0.20 mmol), 4A molecular sieve (20 mg), benzene
(11.3 mmol) or benzene-dg (11.3 mmol) was added to a solution tube and the mixture
was heated to 120 °C and stirred for 10 to 90 min. After immediately cooling to room
temperature, the yield of product was determined with 1,3,5-trimethylbenzene as the
internal standard by GC. The obtained yields were plotted as concentration [allylic
arene] vs. time t (Figures 1 and 2). From these diagrams, the following initial rates

were calculated:

0.035

y = 0.00036896 x - 0.00300967 &
0.03

: RZ=0.99867681 /'
0.025
0.02 / * A
0.015 — & (27

— A (RF
0.01
0.005 ///

O T T T T 1
0 20 40 60 80 100

Fig. 1: The reaction of benzene with 2a.
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0.012
L
0.01 v =0.00012917 x- 0.00122585
R?=0.97140728 /
0.008
0.006 + =7l
*
AL (FRF)
0.004
L 3
0.002 /
0 e | | | | |
0 20 40 60 80 100

Fig. 2: The reaction of deuterated-benzene with 2a.

Ky =3.69x 10 mmol-mL'l-min'l; Kp=1.29 x 10* mmol-mL ' *min!

KH/KD =29

Eq. 4. Reaction of a homoallylic acetate with benzene under the optimum

conditions.
OAc 10 mol% (Pd(OAC),/4) OAc 1
* )\/\ i )\/\/Ph (1)
Ph AN 0.5 equiv Ag,CO3 Ph
(0.20 mmol) 4AMS 38% yield

120 °C,15h
The reaction was carried out under the optimum conditions.
CAS: 849590-71-2. '"H NMR (400 MHz, CDCl;): & 7.38-7.21 (m, 10H), 6.43 (d, J =
15.6 Hz, 1H), 6.08 (dt, J, = 16.0 Hz, J, = 8.0 Hz, 1H), 5.88 (t, J = 7.2 Hz, 1H),
2.83-2.68 (m, 2H), 2.09 (s, 3H).

Eq. 3. Reaction of phenylboronic acid with allylic acetate 2a catalyzed by Pd/4.

10 mol% (Pd(OAc),/4)
OAc 0.1 equiv AgSbFg

PhB(OH - - E
(OH), + ph)\/ DCE,60°C, 15n P _>" Ph ©)
62% yield
2a E/Z =1.1/1

Pd(OAc); (4.5 mg, 0.02 mmol), AgSbFs (6.8 mg, 0.02 mmol), ligand 4 (3.9 mg,
0.02 mmol) and DCE (2 mL) were added to a solution tube and the resulting solution
was stirring for 1 min, then 2a (35.2 mg, 0.20 mmol) and phenylboronic acid (24.2
mg, 0.20 mmol) was added and the resulting solution was heated to 60 °C and reacted
for 15 hours. After cooling to room temperature, the mixture was filtrated through a
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pad of silica gel and washed with ethyl acetate. The filtrate was concentrated under
vacuum, and the residue was purified by silica gel flash column chromatography to

afford the E/Z-isomers as a mixture (24.1 mg, 62% yield).

Eq. 4. Reaction of enantioenriched allylic acetate with benzene under the

optimum conditions.

benzene
OAc 10 mol% (Pd(OAc),/4) Ph Ph  Ph

)\/\ 0.5 equiv Ag,CO3 ph/\/LMe ¥ v (4)

Ph Me Me
4AMS, 120 °C, 15 h
(R)-21(0.20 mmol) =, . (S)E-3la (R)-Z-3la
78%ece  09%yield, E/Z=5.011 72% ee 65% ee

(S)-E-3la and (R)-Z-3la were obtained in 72% ee and 65% ee. The enantiomeric
excess of products were determined by chiral HPLC analysis (OD column, hexane:
iI-PrOH = 99.9:0.1, t[(R)-Z-isomer] = 12.74 min, t[(S)-Z-isomer] = 15.92 min,
t[(S)-E-isomer] = 17.77 min, t[(R)-E-isomer] = 19.58 min). The absolute of
configuration of isomers were determined by comparison of their HPLC retention

time with that reported in literature.'®"®
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== Shimadzu LCsolution Analysis Report

Dowrehych-17-97-1-00-1-9991-1.led

Sample Hame cyeh-17-97-1-00-1-9991-1 Drate: Ph
Column: The mobile phase: Ph™ X Me
+
elocity: The detection wavelength: Ph Ph
NN
Me
< Chromatogram=
E:hmmzogmn
ibi-17-97-1-0D-1-0901-1 Dnyrchiych- 17-87-1-0D-1-9091-1 1cd
¥ 5000
40000
2
g oa
]
30000 = k4
=
] = =
=
]
20000
10000
a4 A 1Det.& Chl
T T T T T
a 5 10 15 a0 a5
- min
Peak Table
[Detector & Chl 254rem
Dede Fat. Time Brea Height Brea %
1 12.731 3TETA2 24860 16.210
2 15.837 406033 20200 17.510
3 17.005 TEE060 31100 33.040
4 10522 751333 28134 32.330
Total 4323042 104483 100.000

== Shimadzu LCsolution Analysis Report ====

Dwrehiyrch- 18-30-4- 0D-1-9991-1 led

Ph
Sample Mame :yieh-18-40-44- 00-1-9991-1 Crate: /Q\
Ph™ X Me
Column: The mobile phaze: (S)-E-3Ia
elocity: The detection wavelength: +
Ph  Ph
N
Me
(R)-Z-3la
i< Chromatogram>
E:hmmzogmn
ik 12-40-4 8- 0D-1-0991-1 Dychiych- 18-40-4.4-0D-1-9091-1 1cd
o
2500000+ s
~
=5
2000000+
" 1500000 ¥
1000000~
z 2
4 ri A
500000 Aﬁ 5 =
SRV
]
1 i . — - — -4 IDACH
T T T T T
a 5 10 15 a0 a5
- min
Deali Table
[Detector & Chl 254rem
Deditl Fat. Time Brea Height Birea %
1 12.741 6322807 414771 2914
2 15.027 1347737 GETEL 1.000
3 17.772 54326805 2162642 76503
4 10.520 8932010 33TER3 12,503
Total T020530 2082072 100.000
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